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Abstract

Diabetes mellitus (DM) may be a risk factor for venous thromboembolism (VTE) but results are
inconsistent.

Aim—We conducted a systematic review and meta-analysis of epidemiologic studies to quantify
the association between DM and VTE.

Methods and results—We included studies identified in PubMed, Web of Science, and
CINAHL through 07/31/2014. We identified 19 studies that met our selection criteria. We pooled
RRs using a random-effects model: the pooled RR for the association of DM with VTE was 1.10
(95% CI: 0.94-1.29). Between-study heterogeneity was explored with a forest plot, funnel plot,
meta-regression, and a stratified analysis. Between-study heterogeneity was observed and not
explained by study design, method of DM assessment, or degree of adjustment for confounding.
Sensitivity analyses omitted one study at a time to assess the influence of any single study on the
pooled estimate. These analyses indicated that one large study was highly influential; when this
study was excluded, the pooled estimate increased and just reached statistical significance: 1.16
(95% CI: 1.01-1.34)].
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Conclusions—This meta-analysis suggests either no association or a modest positive one
between DM and VTE in the general population. DM is unlikely to play a major role in VTE
development.
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1.1 Introduction

Diabetes mellitus (DM) has been proposed as a risk factor for venous thromboembolism
(VTE). However, reported associations of DM with VTE are inconsistent, and many
estimates from previous studies have not accounted for the potential confounding effect of
obesity. Two previous systematic reviews each estimated a 1.4-fold increased risk of VTE
for persons with DM compared to persons without[1,2]. However, neither analysis
adequately accounted for potential confounders of the DM-VTE association, making it
difficult to know whether the observed increased risk in VTE is due to other VTE risk
factors associated with DM. Further, some research studies, both published[3-7] and
unpublished, were not included in either review. Thus, we undertook this systematic review
and meta-analysis to update the current state of the literature and rigorously quantify the
association between DM (type 1 or 2) and VTE [deep vein thrombosis (DVT) or pulmonary
embolism (PE)]. We hypothesized that DM would be positively associated with VTE before
and after adjustment for potential confounding variables, including obesity.

1.2 Methods

We followed the Meta-analysis of Observational Studies in Epidemiology Guidelines[8]
throughout this review.

1.2.1 Data Sources and Searches

Investigator E.J.B. consulted with a biomedical librarian to develop the search strategy.
E.J.B. searched PubMed, Web of Science, and CINAHL databases. The database search
included both keywords and headings, explosion searching, and truncated words related to
diabetes mellitus, venous thromboembolism, pulmonary embolism, and deep vein
thrombosis. The search cutoff date was July 31, 2014. No language restrictions were
applied. We queried experts to identify additional studies, including unpublished material.
We did not include grey literature. We manually searched reference lists of review articles
and eligible articles to identify additional eligible studies.

1.2.2 Study Selection

Studies were included in this review if they 1) were case-control or cohort design and 2)
reported an effect estimate between DM (any definition - including self-report, glucose
measurement, or medical records) and VTE (defined as DVT and/or PE) in humans or
provided enough information to calculate an effect estimate and its standard error. Studies
were excluded if 1) they had no original data; 2) DV Ts were outside of the leg (PE not
excluded), because risk factors can differ depending on where the DVT occurs; 3) VTEs
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were solely recurrent, because risk factors can be different for a recurrent versus first-time
VTE; or 4) the entire study population was affected by a specific medical condition (e.g.
cancer) or a procedure, because we were interested in studies that were broadly
representative of general populations.

1.2.3 Data Extraction and Quality Assessment

We abstracted estimates of association (odds ratios, relative risks, or hazard ratios) between
DM and VTE, and their standard errors. When a standard error was not reported, it was
derived from data provided in the article. Since VTE is relatively rare, odds ratios and
hazard ratios were likely reasonable estimates of the relative risks (RRs)[9]. Thus, we
represented and interpreted all effect estimates as RRs for this review.

In each included study, we sought to abstract the estimate with the most complete
adjustments for potential confounders. We considered an effect estimate as adequately
controlled for potential confounders if the study statistically adjusted for age, BMI, and race
(or only involved primarily one race group, defined as a study population with =80% of a
single race). Age, and BMI, and race were required as the minimal adjustment set because
we considered them the most likely confounders of the association of DM with VTE, since
they are established risk factors for VTE and associated with DM[10-17]. We queried
corresponding authors to obtain missing information or results that were more fully adjusted.
In the situation of multiple articles from the same study, the article that had the most
complete adjustments for potential confounding was used.

1.2.4 Data Synthesis and Analysis

We tabulated the eligible studies and described their characteristics. We investigated the
degree of heterogeneity in effect estimates between studies by generating three forest plots:
One included all unique study samples, and the other two stratified by VTE type [provoked
(defined as VTE occurring in a patient with an antecedent transient acquired risk factor for
VTE) and unprovoked VTE]. Because of substantial qualitative and quantitative
heterogeneity across studies, a random-effects[18] model was used to pool the effect
estimates. We reported statistical tests for between-study heterogeneity: 1) An overall
homogeneity test p-value from Cochran’s Q statistic[18] and 2) 12, a measure of the
percentage of heterogeneity that was due to between-study differences, as opposed to
sampling variation[19]. We considered statistical significance of Cochran’s Q statistic as a
p-value of <0.1 due to the test’s low power[20]. We interpreted an 12 value of 25-50% as
low heterogeneity, 50-75% as moderate heterogeneity, and >75% as high heterogeneity.

To assess potential publication bias, we generated a funnel plot[20] to provide a visual
assessment of whether treatment effects were associated with study size (manifested as
funnel plot asymmetry). We used a fixed-effects model to produce the funnel plot since
results are less affected than random-effects when publication bias is present[20]. We also
statistically checked for funnel plot asymmetry using the Begg[21] and Egger tests[22].

We ran meta-regressions to examine heterogeneity between studies by regressing the log RR
on several pre-specified study characteristics: study design (case-control; cohort), level of
confounding (controlled for age, BMI, and race; not controlled), and objective measurement
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of DM (included glucose measurement; no glucose measurement). Because a fixed-effects
meta-regression requires the strong assumption that all heterogeneity can be explained by
the covariates in the model[23,24], we used a random-effects model[25]. The Knapp-
Hartung[26] variance estimator was used, as it produces a false-positive rate close to the
nominal value of .05[23]. Therefore, statistical significance was considered p < 0.05 for the
meta-regressions. We calculated ratios of RRs and their 95% Cls from the meta-regressions,
which is a ratio of the average RR in studies with one characteristic to the average RR of
studies with another characteristic. Within strata of the same pre-specified study
characteristics, we also calculated a random-effects pooled RR, and corresponding
homogeneity p-value and 12.

We performed sensitivity analyses, omitting one study at a time to assess the influence of
any single study on the pooled estimate. All statistical analyses were conducted using Stata
software, version 12.1.

1.3 Results

We identified 2,224 publications through PubMed, 389 through CINAHL, and 1,727
through Web of Science (these numbers include overlap). Of these publications, eight
publications met the inclusion criteria[4,5,27-32] (See supplemental Figure S1 for flow
diagram and supplemental Table S1 for exclusion log). We further identified 8
publications[3,6,7,33-37] through manual review of reference lists of eligible articles and
review articles[1,2,38-42]. Additionally, we obtained previously unpublished results from 3
studies through querying experts (queried A.R.F. and P.L.L.) [de novo analysis: Reasons for
Geographic and Racial Differences in Stroke (REGARDS) Study [43]; re-analysis with
additional follow-up time: Cardiovascular Health Study (CHS)[44] and the Atherosclerosis
Risk in Communities (ARIC) study[45]].

In all, 19 unique studies met the selection criteria for this review: 11 cohort studies and 8
case-control studies. More-fully-adjusted RRs than originally published were obtained by
author queries for 4 studies[6,27,30,34]. Supplementary Table S2 describes notable details
of data abstraction from all studies, and analyses of unpublished data.

Tables 1 and 2 report the characteristics of cohort and case-control studies included in the
review. Most studies (84%) were conducted in the United States or Scandinavia. Most
(82%) of the cohort studies were population-based, whereas most (75%) of the case-control
studies were hospital or clinic-based. The number of VTE events per study varied widely:
from 38 to 2,137. Measurement of DM varied across studies, but just over half of studies
relied on self-report only, while others used some variation of criteria including fasting or
non-fasting glucose levels, physician diagnosis, oral glucose tolerance test, or use of DM
medication. Notably, Sveinsdottir et al.[36] defined DM as fasting glucose = 6.1 mmol/I,
whereas many other studies that used fasting glucose defined DM as = 7 mmol/l. One study
did not specify its method of DM measurement[5]. No study specifically distinguished
between type 1 and type 2 DM, but presumably studies contained mostly type 2, given that
the vast majority of cases of DM in adults are type 2. Most (74%) studies relied on imaging
techniques to measure VTE; the rest relied solely on International Classification of Diseases
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codes. Just more than half of studies controlled for age, BMI, and race: Only 2 out of 19 did
not control for age[4,46], 8 did not control for BMI[3-5,7,32,33,35,37], and 1 did not
control for race[6] (Figure 1).

Comparing those with DM to those without, the pooled RR for VTE was 1.10 (95% CI:
0.94-1.29) (Figure 1). Figure 1 encompasses all 19 unique studies; 17 used total (provoked
plus unprovoked) VTE as the outcome, whereas 2 used unprovoked VTE only as the
outcome[6,37]. Five studies also reported RR estimates for provoked VTE, and 8 for
unprovoked. The pooled RR for provoked VTE only was 1.02 (95% CI: 0.75-1.39)
(supplemental Figure S2), and for unprovoked was 1.03 (95% CI: 0.68-1.57) (supplemental
Figure S3).

There were moderate levels of statistical heterogeneity in findings from the 19 unique
studies of DM and VTE (12=59.7%, Cochran’s Q p-value <0.0005), and between the 8
studies of DM and unprovoked VTE (12=66.1%, Cochran’s Q p-value = 0.004). We
observed low to moderate levels of heterogeneity between the 5 studies of DM and
provoked VTE (12=45.5%, Cochran’s Q p-value = 0.12). To evaluate potential sources of
heterogeneity, we conducted pre-specified subgroup analyses that compared the RR
estimates for studies by study design, method of DM measurement, and level of control for
potential confounding variables (supplemental Table S3). No significant differences in RRs
were observed. Using all 19 studies, there was no indication of publication bias, as
evidenced by non-significant Begg and Egger tests (p=0.12 and 0.25, respectively) and a
relatively symmetric funnel plot (supplemental Figure S4).

Sensitivity analyses indicated that the REGARDS Study influenced the pooled estimate
more than other studies (Figure 2). When we excluded the REGARDS Study, the pooled
estimate increased slightly and just reached statistical significance [including REGARDS:
1.10 (95% CI: 0.94-1.29; excluding REGARDS: 1.16 (95% CI: 1.01-1.34)]. Although there
was less statistical heterogeneity after excluding REGARDS, some heterogeneity did remain
[including REGARDS: 12=59.7%, Cochran’s Q p-value <0.0005; excluding REGARDS:
12=48.3%, Cochran’s Q p-value = 0.01].

1.4 Discussion

This systematic review and meta-analysis of published and unpublished studies suggests
either no association or a very small positive association between DM and venous
thromboembolism in the general population. Between-study heterogeneity was observed and
not explained by study design, method of DM measurement, or level of adjustment for
confounding. There was no evidence of publication bias.

The findings of our meta-analysis contradict two previous meta-analyses. Both estimated a
1.4-fold increased risk of VTE for persons with diabetes compared to persons without[1,2].
However, the 2008 meta-analysis[1] did not account for age, BMI, or race as potential
confounding variables to the diabetes-VTE relation, making results difficult to interpret.
Potential confounding was also an issue in the 2014 meta-analysis[2]: Three quarters of the
studies included did not adjust for BMI. For the present meta-analysis, we queried
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corresponding authors of included studies that did not account for body size (n=11), asking
for BMI-adjusted estimates. We received BMI-adjusted estimates for 4 studies. Three out of
4 of these studies were included, without adjustment for BMI, in the 2014 meta-analysis; we
wondered whether substituting the unadjusted for BMI-adjusted estimates would impact
their results. It did: the 2014 meta-analysis reported a pooled effect estimate of 1.36 (95%
Cl: 1.11-1.68) for analyses restricted to high-quality cohort studies, but when we substituted
the 3 more fully-adjusted estimates, the positive association decreased to 1.24 (95% CI:
0.96-1.61), and lost statistical significance (Details of analysis in supplemental Table S4).

A sensitivity analysis indicated that the REGARDS Study was highly influential. The
REGARDS Study - a large, prospective cohort study of whites and African Americans
across the United States - reported an inverse association between DM and VTE [0.65 (95%
Cl: 0.46-0.91)]. The surprising inverse association could be at least partly explained by
REGARDS’ VTE ascertainment methods, which possibly led to biased ascertainment of
VTE. REGARDS predominantly captured VTE events through participant report;
participants were queried in 2010-11 about past VTE events (as far back as 2003)[43].
Similar questionnaires have 98% specificity and >70% sensitivity for ascertaining VTE[47].
Then, medical records were retrieved so that potential VTE events could be validated.
Notably, not all records could be retrieved, and the retrieval rate differed by race (79.5%
overall retrieval rate, 72% among African Americans, 85% among whites)[43]. Thus, VTE
ascertainment in REGARDS was not complete, and it is difficult to know how factors
associated with under-ascertainment might bias an association between DM and VTE.

There is methodologic variation in the measurement of DM and VTE across studies. Many
studies rely on self-reported DM, which is a specific (95.6% to 96.8%, depending on the
reference definition), but not sensitive (58.5% to 70.8%) measure of DM[48]. As this DM
misclassification does not likely differ by VTE status, we expect this misclassification to
drive estimates of the DM-VTE relation towards the null. Some studies rely solely on
International Classification of Diseases codes to measure VTE; previous work comparing
VTE codes to medical records has found the codes to be reasonably valid indicators of VTE
hospitalization[49].

We chose to examine the relation between DM and VTE because DM has been proposed as
a risk factor for VTE, the theoretical mechanism being that hyperglycemia contributes to
elevated coagulation factors, impaired fibrinolysis, and increased likelihood of
thrombosis[40,50]. Indeed, laboratory evidence suggests that high glucose levels 1) increase
oxidative stress, which in turn increases gene transcription of coagulation factors; 2) degrade
the glycocalyx layer of the endothelial wall, which releases coagulation factors and
stimulates the coagulation cascade; and 3) increase glycation of proteins involved in
coagulation and fibrinolysis, shifting their activity towards a procoagulant state[40].
However, our findings suggest that DM is unlikely to play a major role in VTE
development.

This review extends the current literature, particularly since we included three large,
unpublished data sources and more comprehensively accounted for potential confounders of
the DM-VTE relation. Our review and analysis also has limitations that warrant discussion.
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We observed substantial qualitative and quantitative heterogeneity across studies, but could
not explain it. Future research should attempt to pinpoint sources of heterogeneity; an
individual participant data meta-analysis would be a particularly good design to explore
heterogeneity, as this would remove heterogeneity from analyses, and meta-regressions
could use patient-level (as opposed to study-level) data. And, finally, this review drives
home the importance of accounting for potential confounding variables when examining the
relation of DM with VTE, especially BMI. Notably, biases of the effect estimates likely
remain even under our definition of an “adequately controlled” effect estimate. These biases
were probably related to methods of measurement (e.g., estimating BMI using self-report
versus direct measurement) and modeling (e.g., modeling age as bands versus continuous)
variables. Incomplete control of confounding of a DM-VTE relation by BMI and age would
likely bias an estimate upwards. Other VTE risk factors (e.g.: age, race, cancer, hormone
therapy, oral contraceptives, smoking, sex, and pregnancy) also deserve consideration as
confounding variables in future investigations of the relation between diabetes and VTE.

In conclusion, this literature-based meta-analysis supports a very modest positive or no
association of DM with VTE risk in the general population. DM is unlikely to play a major
role in VTE development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors thank those who have provided analyses for this meta-analysis: Neil Poulter, Imperial College London;
Anders Gaarsdal Holst, University Hospital Rigshospitalet; Bakhtawar Khan Mahmoodi, University Medical
Center Groningen; and Sigrid K. Breekkan, University of Tromsg.

Funding

This work was supported by NHLBI training grant T32HL007779. The funding source had no involvement in study
design; collection, analysis and interpretation of data; the writing of the report; or in the decision to submit the
article for publication.

References

1. Ageno W, Becattini C, Brighton T, Selby R, Kamphuisen PW. Cardiovascular risk factors and
venous thromboembolism: a meta-analysis. Circulation. 2008; 117:93-102. [PubMed: 18086925]

2. Bai J, Ding X, Du X, Zhao X, Wang Z, Ma Z. Diabetes is associated with increased risk of venous
thromboembolism: A systematic review and meta-analysis. Thromb Res. 2014

3. Quist-Paulsen P, Naess IA, Cannegieter SC, Romundstad PR, Christiansen SC, Rosendaal FR, et al.
Acrterial cardiovascular risk factors and venous thrombosis: results from a population-based,
prospective study (the HUNT 2). Haematologica. 2010; 95:119-125. [PubMed: 19713225]

4. Prandoni P, Bilora F, Marchiori A, Bernardi E, Petrobelli F, Lensing AWa, et al. An association
between atherosclerosis and venous thrombosis. N Engl J Med. 2003; 348:1435-1441. [PubMed:
12686699]

5. Sugimura K, Sakuma M, Shirato K. Potential risk factors and incidence of pulmonary
thromboembolism in Japan: results from an overview of mailed questionnaires and matched case-
control study. Circ J. 2006; 70:542-547. [PubMed: 16636487]

6. Poulter NR, Chang CL, Farley TMM, Meirik O, Marmot MG. Venous thromboembolic disease and
combined oral contraceptives: results of international multicentre case-control study. World Health

Diabetes Res Clin Pract. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bell et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Page 8

Organization Collaborative Study of Cardiovascular Disease and Steroid Hormone Contraception.
Lancet. 1995; 346:1575-1582. [PubMed: 7500748]

. Cushman M, Kuller LH, Prentice R, Rodabough RJ, Psaty BM, Stafford RS, et al. Estrogen plus

progestin and risk of venous thrombosis. JAMA. 2004; 292:1573-1580. [PubMed: 15467059]

. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-analysis of

observational studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) group. JAMA. 2000; 283:2008-2012. [PubMed: 10789670]

. Rothman, K.; Greenland, S.; Lash, T. Mod. Epidemiol. 3rd ed.. Lippincott Williams and Wilkins;

2008. Meta-analysis; p. 652-682.

. Fox CS, Pencina MJ, Meigs JB, Vasan RS, Levitzky YS, D’Agostino RB. Trends in the incidence
of type 2 diabetes mellitus from the 1970s to the 1990s: the Framingham Heart Study. Circulation.
2006; 113:2914-2918. [PubMed: 16785337]

Cushman M. Epidemiology and risk factors for venous thrombosis. Semin Hematol. 2007; 44:62—
69. [PubMed: 17433897]

Perry 13, Wannamethee SG, Walker MK, Thomson AG, Whincup PH, Shaper AG. Prospective
study of risk factors for development of non-insulin dependent diabetes in middle aged British
men. BMJ. 1995; 310:560-564. [PubMed: 7888929]

Lipton RB, Liao Y, Cao G, Cooper RS, McGee D. Determinants of incident non-insulin-dependent
diabetes mellitus among blacks and whites in a national sample. The NHANES | Epidemiologic
Follow-up Study. Am J Epidemiol. 1993; 138:826-839. [PubMed: 8237971]

Greenland S, Morgenstern H. Confounding in health research. Annu Rev Public Health. 2001,
22:189-212. [PubMed: 11274518]

White RH. The epidemiology of venous thromboembolism. Circulation. 2003; 107:14—I8.
[PubMed: 12814979]

Nettleton JA, Steffen LM, Ni H, Liu K, Jacobs DR. Dietary patterns and risk of incident type 2
diabetes in the Multi-Ethnic Study of Atherosclerosis (MESA). Diabetes Care. 2008; 31:1777-
1782. [PubMed: 18544792]

Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden WB, et al. Heart disease and
stroke statistics--2013 update: a report from the American Heart Association. Circulation. 2013;
127:e6-e245. [PubMed: 23239837]

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986; 7:177-188.
[PubMed: 3802833]

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses.
BMJ. 2003; 327:557-560. [PubMed: 12958120]

Egger, M.; Smith, GD.; Altman, D. 2nd ed.. London: BMJ Publishing Group; 2001. Systematic
Reviews in Health Care: Meta-Analysis in Context.

Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for publication bias.
Biometrics. 1994; 50:1088-1101. [PubMed: 7786990]

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple,
graphical test. BMJ. 1997; 315:629-634. [PubMed: 9310563]

Higgins JPT, Thompson SG. Controlling the risk of spurious findings from meta-regression. Stat
Med. 2004; 23:1663-1682. [PubMed: 15160401]

Thompson SG, Sharp SJ. Explaining heterogeneity in meta-analysis: a comparison of methods.
Stat Med. 1999; 18:2693-2708. [PubMed: 10521860]

Thompson SG, Higgins JPT. How should meta-regression analyses be undertaken and interpreted?
Stat Med. 2002; 21:1559-1573. [PubMed: 12111920]

Knapp G, Hartung J. Improved tests for a random effects meta-regression with a single covariate.
Stat Med. 2003; 22:2693-2710. [PubMed: 12939780]

Braekkan SK, Hald EM, Mathiesen EB, Njglstad I, Wilsgaard T, Rosendaal FR, et al. Competing
risk of atherosclerotic risk factors for arterial and venous thrombosis in a general population: the
Tromso study. Arterioscler Thromb Vasc Biol. 2012; 32:487-491. [PubMed: 22075253]

Diabetes Res Clin Pract. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bell et al.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 9

Goldhaber Sz, Grodstein F, Stampfer MJ, Manson JE, Colditz GA, Speizer FE, et al. A
prospective study of risk factors for pulmonary embolism in women. JAMA. 1997; 277:642-645.
[PubMed: 9039882]

Heit JA, Leibson CL, Ashrani AA, Petterson TM, Bailey KR, Melton LJ. Is diabetes mellitus an
independent risk factor for venous thromboembolism?: a population-based case-control study.
Avrterioscler Thromb Vasc Biol. 2009; 29:1399-1405. [PubMed: 19542020]

Holst AG, Jensen G, Prescott E. Risk factors for venous thromboembolism: results from the
Copenhagen City Heart Study. Circulation. 2010; 121:1896-1903. [PubMed: 20404252]

Lutsey PL, Virnig BA, Durham SB, Steffen LM, Hirsch AT, Jacobs DR, et al. Correlates and
consequences of venous thromboembolism: The lowa Women’s Health Study. Am J Public
Health. 2010; 100:1506-1513. [PubMed: 19910349]

Glynn RJ, Rosner B. Comparison of risk factors for the competing risks of coronary heart disease,
stroke, and venous thromboembolism. Am J Epidemiol. 2005; 162:975-982. [PubMed: 16207808]
Lidegaard @, Edstrom B, Kreiner S. Oral contraceptives and venous thromboembolism: a five-year
national case-control study. Contraception. 2002; 65:187-196. [PubMed: 11929640]

Mahmoodi BK, Gansevoort RT, Veeger NJGM, Matthews AG, Navis G, Hillege HL, et al.
Microalbuminuria and risk of venous thromboembolism. JAMA. 2009; 301:1790-1797. [PubMed:
19417196]

Dowling NF, Austin H, Dilley A, Whitsett C, Evatt BL, Hooper WC. The epidemiology of venous
thromboembolism in Caucasians and African-Americans: the GATE Study. J Thromb Haemost.
2003; 1:80-87. [PubMed: 12871543]

Sveinsdottir S, Svensson PJ, Engstréom G. Inflammatory plasma markers and risk for venous
thromboembolism. J Thromb Thrombolysis. 2014; 38:190-195. [PubMed: 24307292]

Petitti DB, Wingerd J, Pellegrin F, Ramcharan S. Oral contraceptives, smoking, and other factors
in relation to risk of venous thromboembolic disease. Am J Epidemiol. 1978; 108:480-485.
[PubMed: 736027]

Franchini M, Mannucci PM. Association between venous and arterial thrombosis: clinical
implications. Eur J Intern Med. 2012; 23:333-337. [PubMed: 22560380]

Prandoni P, Piovella C, Pesavento R. Venous thromboembolism and arterial complications. Semin
Respir Crit Care Med. 2012; 33:205-210. [PubMed: 22648494]

Lemkes BA, Hermanides J, Devries JH, Holleman F, Meijers JCM, Hoekstra JBL. Hyperglycemia:
a prothrombotic factor? J Thromb Haemost. 2010; 8:1663-1669. [PubMed: 20492456]

Piazza G, Goldhaber SZ. Venous thromboembolism and atherothrombosis: an integrated approach.
Circulation. 2010; 121:2146-2150. [PubMed: 20479165]

Lowe GDO. Common risk factors for both arterial and venous thrombosis. Br J Haematol. 2008;
140:488-495. [PubMed: 18275426]

Zakai NA, McClure LA, Judd SE, Safford MM, Folsom AR, Lutsey PL, et al. Racial and regional
differences in venous thromboembolism in the United States in 3 cohorts. Circulation. 2014;
129:1502-1509. [PubMed: 24508826]

Tell GS, Fried LP, Hermanson B, Manolio TA, Newman AB, Borhani NO. Recruitment of adults
65 years and older as participants in the Cardiovascular Health Study. Ann Epidemiol. 1993;
3:358-366. [PubMed: 8275211]

The Atherosclerosis Risk in Communities (ARIC) Study: design and objectives. The ARIC
investigators. Am J Epidemiol. 1989; 129:687-702. [PubMed: 2646917]

Cushman M, Tsai AW, White RH, Heckbert SR, Rosamond WD, Enright P, et al. Deep vein
thrombosis and pulmonary embolism in two cohorts: the longitudinal investigation of
thromboembolism etiology. Am J Med. 2004; 117:19-25. [PubMed: 15210384]

Frezzato M, Tosetto A, Rodeghiero F. Validated questionnaire for the identification of previous
personal or familial venous thromboembolism. Am J Epidemiol. 1996; 143:1257-1265. [PubMed:
8651224]

Schneider ALC, Pankow JS, Heiss G, Selvin E. Validity and reliability of self-reported diabetes in
the atherosclerosis risk in communities study. Am J Epidemiol. 2012; 176:738-743. [PubMed:
23013620]

Diabetes Res Clin Pract. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Bell et al. Page 10

49. Heckbert SR, Kooperberg C, Safford MM, Psaty BM, Hsia J, McTiernan A, et al. Comparison of
self-report, hospital discharge codes, and adjudication of cardiovascular events in the Women’s
Health Initiative. Am J Epidemiol. 2004; 160:1152-1158. [PubMed: 15583367]

50. Carr ME. Diabetes mellitus: a hypercoagulable state. J Diabetes Complications. 2001; 15:44-54.
[PubMed: 11259926]

Diabetes Res Clin Pract. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Bell et al.

First Author (Publication Year)

Mahmoodi (2009)

AN
4

Glynn (2005)

Cushman (2004)
5 Goldhaber (1997)
é Brakkan (2012)
;‘i Sveinsdottir (2013)
O Updated data - Cardiovascular Health Study

Unpublished data - REGARDS study

Holst (2010)

Updated data - ARIC Study

Lutsey (2010)

D —— e E———

v
)
]
1
T
)
}
)
1

-
)
}
'

S R —
[}
}
)
)
—_—
)
]
I —

T Lidegaard (2002) <
Petitti (1978)

=
-2F Poulter (1995)
¥

Prandoni (2003)

Sugimura (2006)

Dowling (2003)

“ase-control d

Overall (I = 59.7%, Homogeneity p-value < 0.0005)

s

R

Page 11

Variables
controlled for

Age BMI Race

X X* Xt

X XT

Xt
X X XT
X X* Xt
X X Xt
X X X
X X X
X X* Xt
X X X
X X Xt
X XT
X XT
X*  X*

Xt
X Xi
X X
X Xi
X X XT

Relative
Risk (95% CI)

0.28 (0.09-0.89)*
0.68 (0.30,1.53)
1.32 (0.77-2.26)
1.1 (0.7-2.0)

1.04 (0.62-1.75)*
1.78 (1.13-2.81)
1.30 (0.88-1.90)
0.65 (0.46-0.91)
1.24 (0.95-1.62)*
1.22 (0.99-1.50)
1.22 (1.04-1.44)
0.3 (0.1-1.2)

6.4 (2.2-18.6)
1.17 (0.60-2.26)*
0.76 (0.40-1.42)
0.72 (0.39-1.31)
1.5 (0.8-2.5)

1.0 (0.7-1.6)

1.26 (1.03-1.56)
1.10 (0.94, 1.29)

I
25

Figure 1.

Forest plot of study-specific and pooled relative risks (95% Cls) for venous
thromboembolism, comparing those with DM to those without DM.

1

Relative risk estimate

o —

Each study is represented by a square and a horizontal line, which represents its relative risk
and corresponding 95% ClI, respectively. The area of the square is proportional to the weight
of the study in the pooled analysis. The studies are sorted by weight in the plot and study
design. The pooled random-effects estimate and its 95% CI are represented by a dashed
vertical line and diamond. The vertical line at 1.0 indicates no effect of DM on venous
thromboembolism risk. The table on the right side of the figure indicates whether the study-
specific relative risks were controlled for potential confounding variables. *A more-fully-
adjusted relative risk than originally published was obtained as a result of author query.

tStudy primarily involved on race-group, making statistical adjustment for race

unnecessary.
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Figure 2.

1.10

1.29

Meta-analysis estimates and 95% confidence intervals, omitting one study at a time to assess
the influence of any single study on the random-effects pooled estimate. The dashed vertical
line at 1.0 indicates no effect of diabetes on venous thromboembolism risk.
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